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MULTICOLOR ORGANIC LIGHT EMITTING DEVICES 

Field nf Th° Tn—rfjnn 
This invention relates to multicolor organic light 
emitting devices and more particularly to such devices for use 
in flat panel electronic displays. 

9acKcrrounrt Qf th q TTr , afrinn 

The electronic display is an indispensable way in 
modern society to deliver information and is utilized in 
television sets, computer terminals and in a host of other 
applications. No other medium offers its speed, versatility and 
xnteractivity. Known display technologies include plasma 
^Plays, i ight emitting diodes (LEDs) , thin ^ " ■ 
electroluminescent displays, and so forth. 

The primary non-emissive technology makes use of the 
electro optic properties of a class of organic molecules known 
as liguid crystals (LCs, or liguid crystal displays (LCDs) . LCDs 
operate fairly reliably but have relatively low contrast and 
resolution, and reguire high power backlighting. Active matrix 
displays employ an array of transistors, each capable of 
activating a single LC pixel. Th ere is no doubt that the 
technology concerning flat panel displays is of a significant 
concern and progress is continuously being made. See an article 
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titled "Flat Panel Displays-, Scientific American, Karen 1993, 
pgs. 90-97 by S.W. Depp and W.E. Howard. In that article, it is 
indicated that by 1995 flat panel displays alone are expected to 
form a market of between 4 and 5 billion dollars. Desirable 
5 factors for any display technology is the ability to provide a 
high resolution full color display at good light level and at 

competitive pricing. 

Color displays operate with the three primary colors 
red (R) , green (G) and blue (B) . There has been considerable 
10 progress in demonstrating red, green and blue light emitting 
devices (LEDs) using organic thin film materials. These thin 
film materials are deposited under high vacuum conditions. Such 

techniques have been developed in numerous places throughout the 
world and this technology is being worked on in many research 

15 facilities. 

Presently, the most favored high efficiency organic 
emissive structure is referred to as the double heterostructure 
LED which is shown in Fig. 1A and designated as prior art. This 
structure is very similar to conventional, inorganic LED's using 

materials as GaAs or InP. 

in the device shown in Fig. 1A, a support layer of 
glass 10 is coated by a thin layer of Indium Tin Oxide (ITO) 11 
which layers 10 and 11 form the substrate 8. Next, a thin (100- 
500 k) organic, predominantly hole transporting layer (HTL) 12 
is deposited on the ITO layer 11. Deposited on the surface of 
HTL layer 12 is a thin (typically, 5oA - 100A) emission layer 
(EL) 13. If the layers are too thin there may be lack of 
continuity in the film, and thicker films tend to have a high 
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internal resistance requiring higher power operations Emissive 
layer (EL) 13 provides the recombination site for electrons 
injected from a 100-500A thick electron transporting layer 14 
(ETL) with holes from the HTL layer 12. The ETL material is 
characterized by its considerably higher electron than hole 
mobility. Examples of prior art ETL, EL and HTL materials are 
disclosed in U.S. Patent No. 5,294,870 entitled "Organic 
Electroluminescent Multicolor Image Display Device", issued on 
March 15, 1994 to Tang et al. 

Often, the EL layer 13 is doped with a highly 
fluorescent dye to tune color and increase the electroluminescent 
efficiency of the LED. The device as shown in Fig. 1A is 
completed by depositing metal contacts 15, 16 and top electrode 
17. contacts 15 and 16 are typically fabricated from indium or 
Ti/Pt/Au. Electrode 17 is often a dual layer structure 
consisting of an alloy such as Mg/Ag 17' directly contacting the 
organic ETL layer 14, and a thick, high work function metal layer 
17" such as gold (Au) or silver (Ag) on the Mg/Ag. The thick 
metal 17" is opaque. When proper bias voltage is applied 
between top electrode 17 and contacts 15 and 16, light emission 
occurs through the glass substrate 10. An LED device of Fig. 1A 
typically has luminescent external quantum efficiencies of from 
0.05 percent to 4 percent depending on the color of emission and 
its structure. 

Another known organic emissive structure referred as 
a single heterostructure is shown in Fig. IB and designated as 
prior art. The difference in this structure relative to that of 
Fig. 1A, is that the EL layer 13 serves also as an ETL layer, 
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eliminating the ETL layer 14 of Fig. 1A. However, tha device of 
Pig. IB, for efficient operation, must incorporate an EL layer 
13 having good electron transport capability, otherwise a 
separate ETL layer 14 must be included as shown for the device 

5 of Fig. 1A. 

Presently, the highest efficiencies have been observed 
in green LED's. Furthermore, drive voltages of 3 to 10 volts 
have been achieved. These early and very promising 
demonstrations have used amorphous or highly polycrystalline 

10 organic layers. These structures undoubtedly limit the charge 
carrier mobility across the film which, in turn, limits current 
and increases drive voltage. Migration and growth of 
crystallites arising from the polycrystalline state is a 
pronounced failure mode of such devices. Electrode contact 

15 degradation is also a pronounced failure mechanism. 

Yet another known LED device is shown in Fig. 1C, 
illustrating a typical cross sectional view of a single layer 
(polymer) LED. As shown, the device includes a glass support 
layer l, coated by a thin ITO layer 3, for forming the base 

20 substrate. A thin organic layer 5 of spin-coated polymer, for 
example, is formed over ITO layer 3, and provides all of the 
functions of the HTL, ETL, and EL layers of the previously 
described devices. A metal electrode layer 6 is formed over 
organic layer 5. The metal is typically Mg, Ca, or other 

25 conventionally used metals. 

An example of a multicolor electroluminescent image 
display device employing organic compounds for light emitting 
pixels is disclosed in Tang et al., U.S. Patent No. 5,294,870. 
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This patent discloses a plurality of light emitting pixels which 
contain an organic medium for emitting blue light in blue- 
emitting subpixel regions. Fluorescent media are laterally 
■paced from the blue-emitting subpixel region. The fluorescent 
media absorb light emitted by the organic medium and emit red and 
green light in different subpixel regions. The use of materials 
doped with fluorescent dyes to emit green or red on absorption 
of blue light from the blue subpixel region is less efficient 
than direct formation via green or red LED's. The reason is that 
the efficiency will be the product of (quantum efficiency for 
EL)* (quantum efficiency for fluorescence) *(l-transmittance) . 
Thus a drawback of this display is that different laterally 
spaced subpixel regions are required for each color emitted. 

Summary Of The Tnv fnt j ftn 



It is an object of the present invention to provide a 
multicolor organic light emitting device employing several types 
of organic electroluminescent media, each for emitting a distinct 
20 color. 

It is a further object of this invention to provide 
such a device in a high definition multicolor display i„ which 
the organic media are arranged in a stacked configuration such 
that any color can be emitted from a common region of the 
25 display. 

It is another object of the present invention to 
provide a three color organic light emitting device which is 
extremely reliable and relatively inexpensive to produce. 
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It. is a further object to provide such a device which 
iB implemented by the growth of organic materials similar to 
those materials used in electroluminescent diodes, to obtain an 
organic LED which is highly reliable, compact, efficient and 
requires low drive voltages for utilization in RGB displays. 

in one embodiment of the invention, a multicolor light 
emitting device (LED) structure comprises at least a first and 
a second organic LED stacked one upon the other, and preferably 
three, to form a layered structure, with each LED separated one 
from the other by a transparent conductive layer to enable each 
device to receive a separate bias potential to emit light through 
the stack. 

ftr1ff n»»«ription of The Drawings 



Fig. 1A is a cross sectional view of a typical organic 
double heterostructure light emitting device (LED) according to 

the prior art. 

Fig. IB is a cross sectional view of a typical organic 
single heterostructure light emitting device (LED) according to 

the prior art. 

Fig. 1C is a cross sectional view of a known single 

layer polymer LED structure according to the prior art. 

Figs. 2A, 2B, and 2C are cross sectional views of an 
25 integrated three color pixel utilizing crystalline organic light 
emitting devices (LED's), respectively, according to embodiments 
of this invention, respectively. 
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Pigs. 3-11 show a variety of organic compounds which 
■ay be used to coaprise the active eaission layers for generating 
the various colors. 

Figs. 12(A-E) illustrate a shadow Basking process for 
the fabrication of the aulticolor LED according to the invention. 

Pigs. 13(A-F) illustrate a dry etching process for the 
fabrication of the aulticolor LED according to the invention. 

Pig. 14A shows a aulticolor LED of one eabodiaent of 
this invention configured for facilitating packaging thereof. 

Pig. 14B shows a cross sectional view of a heraetic 
package for another eabodiaent of the invention. 

Pig. 14C is cross sectional view taken along 
14C-14C of Pig. 14B. 

Pig. 15 is a block diagraa showing an RGB display 
utilizing LED devices according to this invention together with 
display drive circuitry. 

Fig. 16 shows an LED device of another eabodiaent of 
the invention extending the number of stacked LED's to N, where 
N is an integer nuaber l, 2, 3, N . 

Per i led , PepcrlPtlon Of ThP Tn Yfnr1 r n 

Pigure 1A has been described and is a prior art double 
heterostructure organic light eaitting device. The basic 
construction of the device of Fig. U is U8ed in thig invention 
as will be described. 

Referring to Fig. 2A, there is shown a schematic cross 
section of a highly compact, integrated RGB pixel structure which 
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is implemented by grown or vacuum deposited organic layers, in 
one embodiment of the invention. Based on the ability to grow 
organic materials on a large variety of materials (including 
metals and ITO), one can construct a stack of LED double 
heterostructures (DH) designated as 20, 21 and 22, in one 
embodiment of the invention. For illustrative purposes, LED 20 
is considered in a bottom portion of the stack, LED 21 in a 
middle portion of the stack, and LED 22 in a top portion of the 
stack, in the example of Fig. 2A. Also, the stack is shown to 
be vertically oriented in Fig. 2A, but the LED can be otherwise 
oriented. In other embodiments, a stack of single 

heterostructure (SH) LED's (see Fig. IB), or a stack of polymer- 
based LED devices (see Fig. 1C) , are viable alternatives to the 
DH LED's, with the SH devices being egually viable as DH devices 
for light emitters. Also, SH and DH devices comprising a 
combination of vacuum deposited and polymeric light-emitting 
materials are considered to be within the spirit and scope of 

this invention. 

Each device structure as device 20, consists of an HTL 
layer 20H vacuum-deposited or grown on or otherwise deposited 
onto the surface of an ITO layer 35. A top ETL layer 20T 
sandwiches an EL layer 20E between the former and HTL layer 20H, 
for example, shown in the device construction of Fig. 2A. The 
ETL layer 20T and other ETL layers to be described are composed 
of organic materials such as M(8-hydroxyquinolate). (M-metal ion; 
n=2-4) . Examples of other suitable organic ETL materials can be 
found in U.S. Patent No. 5,294,870 to Tang et al. Formed on top 
of ETL layer 20T is a thin, semi-transparent low work function 
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(preferably, < 4 .V) „tal l.yer 26 M heving . thldcn..., typically 
1 "" °' an 5 ° A - Suit «"« """date, include Kg, »„ As . 

Deposited on the top of «.! l.y.r «„ t . , notl)er trM . parent _ 
thin conductive ITO layer 2 „. (yor conv . nl . nc . h „ aln ^ 
5 double layer .tructur. of ..t.llic l.yer 2< H end XTO u,„ 26I 
i. referred to .. iro,..t.l lay . r . J6 ., Eaoh of ^ 
hatarostructur. device. 20 , 21 „ d „ h>v . „ ^ ^ 

foreed on . transperent conductive layer of ITO 261 or 35. Hext 
« EL layer ie deposited and then another l.yer o, ETL. Each of 
" the HTL, ETL. ITO. ..tax .„„ ergiBlc el Uy .„ „„ 

bec.ua. o, their composition .nd »i„i Ml thiCcne.s. toch ^ 
l.y.r ».y be 50-1000A thicc; e.ch EL l.y. r My >. 5o . J00jl thlck . 
aa=h ETL layer „y >. so . loooA ^ ^ ^ ^ ^ « 

be 50- 10 0* thic*; end e.ch ITO l.yer «I . n d 3S My 1000 .„ ooi 
thic*. Por optiaIm Mch Qf 

preferably be *.pt toward, the lover end. of the above ran,.. 
Thus, aach LED 20, 21 „d 22 ( . xcludlng ^ 
preferably close to 2 ooA thick. 

If SH LED device, sr. used for providing LED'. 20 , 21 
- «. rather than o„ i^ d . vlces , tt . m ^ ^ J 

provided by a singl. a . yar , w „ ^ „ ^ ^ 
described for the SH of „,. „. This i. yer 13 ls ^ 

9Uln ° lata - ™' *' ' h °™ «»• where the EL l. y . r . 20 E 
21*. and 22E , respectively, provide both the EL and etl l. yer 
> function.. „ owever , „ adVMtage of ^ dh ^ stacj; ^ 

r.l.tiv. to . S „ LED atac* of Eig. 2B , ls tt . M ^ ^ 

Par.it. thinner overall construction with nign efficiency 
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in Pigs. 2A and 2B, even though the centers of each of 
the LED's are offset from one another, the total beam of light 
from each device is substantially coincident between LED's 20, 
21 and 22. While the beams of light are coincident in the 
concentric configuration, the emitting or non-emitting device 
closer to the glass substrate will be transparent to the emitting 
device or devices further . away from the glass substrate. 
However, the diodes 20, 21 and 22 need not be offset from one 
another and may alternatively be stacked concentrically upon each 
ether, whereupon the beam of light from each device is wholly 
coincident with the others. A concentric configuration is shown 
in Fig. 12E which will be described below in regard to device 
fabrication processes. Note that there is no difference in 
function between the offset and concentric configurations. Each 
device emits light through glass substrate 37 in a substantially 
omnidirectional pattern. The voltages across, the three LED's 
in the stack 29 are controlled to provide a desired resultant 
emission color and brightness for the particular pixel at any 
instant of time. Thus, each LED as 22, 21 and 20 can be 
energized simultaneously with beams as R, G and B, respectively, 
for example, directed through and visible via the transparent 
layers, as shown schematically in Figs. 2A and 2B. Each DH 
structure 20, 21 and 22 is capable upon application of a suitable 
bias voltage of emitting a different color light. The double 
heterostructure LED 20 emits blue light. The double 
heterostructure LED 21 emits green light while the double 
heterostructure (DH) LED 22 emits red light. Different 
combinations or individual ones of LED's 20, 21 and 22 can be 
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activated to .el.etiv.ly obtain a desired color of light for the 
reapectiv. pia.i partly dependent upon the .agnitud. of current 
in each of the LED'e 20, 21 and 22. 

In the exa.pl. of Plgs . 2A JB; M> 21 ^ 2j 

f °™ ard bi ""« * batteries 32. 31 and 30, respectively . 
current flow. fro. the poaitiv. t.r.in.1 of each battery 32, 31 
and 30, into the anode t.r.ln.1 40, 41, 42, re.pectiv.iy, of it. 
...ociatad led 20, 21 and 22, r..p.ctiv.ly, through the l.y. r . 
of each r..pectiv. device, a™, fro. t.r.in.1. 21, 21 „ d 43 
..rvin, aa cathode terminals to negative ter.in.1. of each 
battery 32, 31, ,„„ 30 , respectively. As a result, light i. 
enitted fro. each of the LED's 20, 21 and 22. The LED devices 
20, 21 and 22 are Md . selectively by incIudlng „,„„. 

(not shown) for selectively switching batteries 32. 31 and 30 
respectively, into and out of connection to their respective LED.' 

in the erf.odi.ent. of the invention, relative to Figs 
2A and 2B, the top ITO contact 26! for LED 22 is transparent, 
-awn, the three color device shown useful for headup display 
applications. However, in .nether eminent of the invention, 
the top contact 261 is famed fro. . thic* .etal. such as either 
Hg/Ag, in. Ag, or A«, for reflecting light enitted upward back 
through substrate 13, for substantially increasing the efficiency 
Of the device. Also, ov.r.11 device efficiency can be increased 
by forming . .ultilayer dielectric thin fil. coating between 
glass substrst. 37 and the ITO layer 3 5 , to provide an anti- 
ref lectin, surface. Three set. of enti-ref looting layers are 
reguired. on. to for. an anti-reflection coating at each 
wavelength enitted fro. the various layers. 
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in another embodiment, the device of F.g. 2A is 
constructed in an opposite or inverted manner, for providing 
light emission out of the top of stack rather than the bottom as 
the former. An example of an inverted structure, with reference 
to Fig. 2C, is to replace ITO layer 35 with a thick, reflective 
■etal layer 38. Blue LED 20 is then provided by interchanging 
HTL layer. 20H and ETL layer 20T, with EL layer 20E remaining 
sandwiched between the latter two layers. Furthermore, the metal 
contact layer 26M is now deposited on top of ITO layer 261. The 
green LED 21 and red LED 22 portions of the stack are each 
constructed with inverted layers (the HTL and EL layers of each 
are interchanged, followed by inverting the metal and ITO layers) 
as described for the inverted blue LED 20. Note that in the 
inverted structure, the blue device 20 must be on top and the red 
device 22 on the bottom. Also, the polarities of batteries 30, 
31, and 32 are reversed. As a result, the current flow through 
devices 20, 21 and 22, respectively, is in the opposite direction 
relative to the embodiment of Fig. 2A, when forward biased for 

emitting light. 

The device in the cross sectional view has a step-like 
or staircase profile, in this example. The transparent contact 
areas (ITO) 261 permit separate biasing of each pixel element in 
the stack and furthermore the material can be used as an etch 
stop during the processing steps. The separate biasing of each 
DH LED structure 20, 21 and 22 allows for wavelength tuning of 
the pixel output to any of various desired colors of the visible 
spectrum as defined in the CIE (Commission Internationale de 
1'Eclairage/International Commission of Illumination) 
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chromaticity standard. The blue emitting LED 20 is placed at the 
bottom of the .tack and it is the largest of the three devices. 
Blue is on the bottom because it is transparent to red and green 
light. Finally, the materials -partitioning" using the 
transparent ixo/metal layers 26 facilitates manufacture of this 
device as will be described. It is the very unique aspects of 
the vacuum growth and fabrication processes associated with 
organic compounds which makes the pixel LED devices shown in 
Pigs. 2A, 2B, and 2C possible. The vertical layering shown in 
Pigs. 2A, 2B, and 2C allows for the fabrication of three color 
Pixels with the smallest possible area, hence, making these ideal 
for high definition displays. 

As seen in Figs. 2A, 2B, and 2C, each device DH 
structure 20, 21 and 22 can emit light designated by arrows B, 
G and R, respectively, either simultaneously or separately. Note 
that the emitted light is from substantially the entire 
transverse portion of each LED 20, 21 and 22, whereby the R, G , 
and B arrows are not representative of the width of the actual 
emitted light, respectively. m this way, the addition or 
subtraction of colors as R, 6 and B is integrated by the eye 
causing different colors and hues to be perceived. This is well 
known in the field of color vision and display colorimetry. m 
the offset configuration shown, the red, green and blue beams of 
light are substantially coincident. if the devices are made 
saall enough, that is about 50 microns or less, any one of a 
variety of colors can be produced from the stack. However, it 
will appear as one color originating from a single pixel. 
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The organic materials used in the DH structures are 
grown one on top of the other or are vertically stacked with the 
longest wavelength device 22 indicative of red light on the top 
and the shortest wavelength element 20 indicative of blue light 
on the bottom. In this manner, one minimizes light absorption 
in the pixel or in the devices. Each of the DH LED devices are 
separated by ITO/metal layers 26 (specifically, semitransparent 
metal layers 26M, and indium tin oxide layers 261) . The ITO 
layers 261 can further be treated by metal deposition to provide 
distinct contact areas on the exposed ITO surfaces, such as 
contacts 40, 41, 42 and 43. These contacts 40, 41, 42 and 43 are 
fabricated from indium, platinum, gold, silver or alloys such as 
Ti/Pt/Au, Cr/Au, or Mg/Ag, for example. Techniques for 
deposition of contacts using conventional metal deposition or 
vapor deposition are well known. The contacts, such as 40, 41, 
42 and 43, enable separate biasing of each LED in the stack. The 
significant chemical differences between the organic LED 
materials and the transparent electrodes 261 permits the 
electrodes to act as etch stop layers. This allows for the 
selective etching and exposure of each pixel element during 
device processing. 

Each LED 20, 21, 22 has its own source of bias 
potential, in this example shown schematically as batteries 32, 
31, and 30, respectively, which enables each LED to emit light. 
It is understood that suitable signals can be employed in lieu 
of the batteries 30, 31, 32, respectively. As is known, the LED 
requires a minimum threshold voltage to emit light (each DH LED) 
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and hence this activating voltage is shown schematically by the 
battery symbol. 

The EL layer. 2 „E, 21E, 22E .ay be fabricatad fro. 
organic eo-poood. ..Let., according to their ability to produce 
< »« Primary oolor. and inter.edi.te. thereof. The organic 
eoapound. are generally .elected fro. trivalent .etel osinolat. 
co.pl.,.., trivolent .etal bridged guinol.te ccplexee, Schiff 
bee. div.l.nt .etal cooler.., tin (iv, ..tal conplexe. , .etal 
ao.tyl.ceton.te ccplexes, ..t.1 bidentat. ligand complexes 
bisphosphonat.s, dival.„t .etel Mleonitriledithiol.t. co.pl.*.. ' 
-olecular charge tranefer ecplexes, arcatic and heterocyclic 
Pollers .no rar. earth .ixed chelate.. described h «. ljwft . r 
The triv.l.nt ..t.l guinol.te co.pl.*.. .„ r .pr...„t.d 
by th. structur.l for»ul. .hown in Plg . 3> H ^ ^ 

trivalent .etal ion .elected fro. croups ,- 13 of ^ Perlodic 
Table and the Lanthanide.. „« Ga ., and are ^ 

trivalent .etal ions. 

* or Fig. 1 includes hydrogen, .ubstituted end 
unsubstituted alsyi, ^ and h . terocycUo ^ ^ 

9To„p ..y be straight or branched chain and preferably has fro. 
1 to 8 carbon .tons, ^l.s of suitable al*yl 
-ethyl end ethyl. The preferred .ryl gr, up i. phenyl and 
«»Pl.s of th. heterocyclic group for p include py^, 
imidazole, furan and thiophane. 

The alryi, aryl and heterocyclic groups of R nay be 
substituted with at leaat one substituent selected fro. aryl 
halogen, cyano and alKoxy, pr.ferebly having troB 2 to , ^ 
atoms. The preferred halogen is chloro. 
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The group L of Fig. 3 represents a liganc including 
picolyl*etnylketone, substituted and unsubstituted 
salicylaldehyde (e.g. salicylaldehyde substituted with barbituric 
acid), a group of the formula R(O) CO- wherein R is as defined 
above, halogen, a group of the formula RO- wherein R is as 
defined above, and quinolates (e.g. 8-hydroxyquinoline) and 
derivatives thereof (e.g. barbituric acid substituted 
quinolates) . Preferred complexes covered by the formula shown 
in Fig. 3 are those where M is Ga*> and L is chloro. Such 
compounds generate a blue emission. When M is Ga*> and L is 
methyl carboxylate, complexes emitting in the blue to blue/green 
region are produced. A yellow or red emission is expected by 
using either a barbituric acid substituted salicylaldehyde or a 
barbituric acid substituted 8-hydroxyquinoline for the 1» group. 
Green emissions may be produced by using a quinolate for the L 
group . 

The trivalent metal bridged quinolate complexes which 
may be employed in the present invention are shown in Figs. 4 A 
end 4B. These complexes generate green emissions and exhibit 
superior environmental stability compared to trisquinolates 
(complexes of Fig. 3 where L is a quinolate) used in prior art 
devices. The trivalent metal ion M used in these complexes is 
as defined above with Al*\ Ga*>, or In" being preferred. The 
group Z shown in Fig. 4A has the formula SiR wherein R is as 
defined above. Z may also be a group of the formula P-0 which 
forms a phosphate. 
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The schiff base divalent metal complexes include those 
•hown in Pigs. 5A and SB wherein M« is a divalent metal chosen 
from croups 2-12 of the Periodic Table, preferably 2n (See, y. 
Hanada, et al. , -Blue Electroluminescence in Thin Films of 
Axomethin - Zinc Complexes-, Japanese ,To„m»l Q f> i™w f1 m , 1ri 
vol. 32, pp. 1*511 - L513 (1993). The group R» is .elected from 
the structural formula, shown in Figs. 5A and SB. The * group 
is preferably coordinated to the metal of the complex through the 
amine or nitrogen of the pyridyl group. x is selected from 
hydrogen, al*yl, alJcoxy, each having from 1 to 8 carbon atoms, 
aryl, a heterocyclic group, phosphino, halide and amine. The 
preferred aryl group is phenyl and the preferred heterocyclic 
group is selected from pyridyl, imidazole, furan and thiophene. 
The x groups affect the solubility of the Schiff base divalent 
metal complexes in organic solvents. The particular Schiff base 
divalent metal complex shown in Fig. SB emits at a wavelength of 



520nm. 



The tin (iv) ..t.1 pompl.x.s employed in the present 
invention in the EL layer, generate green emissions. lnclud . d 
among these complexes are those hsving the formal, SnL',*, where 
V is selected fro, sslioylsldehydes. ..licyclic ecid or 
guinoutes (e.g. S-hydroxyguinolin., . V inolude. .11 group. . s 
previously defined for R except hydrogen. For example, tin ,iv, 
..t.1 complexes where i. . ^inol.te snd L> is phenyl heve en 
emission vevelength (X_, of 504nm, the wavelength resulting from 
measurements of photolumin.sc.nce in the solid state. 

The tin (iv, m.t.1 complexes . lso include those having 
the structure! formula of 6 wherein y t . sulfur „ m , ^ 
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is selected fro. hydro,.,, .nd substituted or un.,bstituted. 
.Ucyl «.u aryl. Ib. 1*1 W nay be straight or branched 
chain and preferably ha. fro. 1 to 8 oarbon .tons, the preferred 
sryl group is phenyl. The sub.tituant. tor the alKyl and aryl 
groups inolud. allcyl and alKoxy bavin, fron 1 to 8 oarbon .tons, 
cyeno .nd halogen. L> nay be .elected fron allcyl. aryl. halide. 
quinol.te. (e.g. 8-hydroxyquinoline) , salicyl.ldehydes, salicylic 
ecid, .nd nalaonitriledithiol.t. C«nt>) . When * is S and Y is 
CH and L> is "nnt" .n eniesion between red .nd or.nge is 
expected. 

The M(acetylacetonate), complexes shown in Fig. 7 
generate a blue emission. The metal ion M is selected from 
trivalent metals of Groups 3-13 of the Periodic Table and the 
Lanthanides. The preferred metal ions are Al", G." and In". 
The group R in Fig. 7 is the same as defined for R in Fig. 3.^ 
For example, when R is methyl, and M is selected from Al*\ Ga" 
and in", respectively, the wavelengths resulting from the 
measurements of photoluminescence in the solid state is 415., 
445. and 457nm, respectively (See J. Kido et al., -Organic 
Electroluminescent Devices using Lanthanide Complexes", iaijrjial 
rf KU ^ £S ^ mounds. Vol. 92, pp. 30-33 (1993). 

The metal bidentate complexes employed in the present 
invention generally produce blue emissions. 

Such complexes have the formula MDL*, wherein M is 
selected. from trivalent metals of Groups 3-13 of the Periodic 
Table and the Lanthanides. The preferred metal ions are Al* 3 , 
Ga +J , In* J and Sc". D is a bidentate ligand examples of which 
are shown in Fig. 8A. More specifically, the bidentate ligand 
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D includes 2-picolylketones, 2-quinaldylketones and 2-io-phenoxy) 
pyridine ketones where the R groups in Pig. 8A are as defined 
above. 

The preferred groups for L 4 include acetylacetonate; 
compounds of the formula OR* wherein R 3 is selected from Si, c 
and R is selected from the same groups as described above; 3, 5- 
di(t-bu) phenol; 2, S-di(t-bu) phenol; 2, 6-di(t-bu) cresol; and 
B,Bpz„ the latter compounds being shown in Figs. 8B-8E, 
respectively. 

By ^L°L. B ^ plB '_^ B wavelen 9 th t^-) resulting from 

measurenent of photoluminescence in the solid state of aluminum 
(picolynethylketone) bis [2, 6-di(t-bu) phenoxide] is 420nm. The 
cresol derivative of the above compound also measured 420 nm. 
Aluminum (picolylmethylketone) bis (OSiPh,) and scandium (4- 
methoxy-picolylmethylketone) bis (acetylacetonate) each measured 
433nm, while aluminum [2- (0-phenoxy) pyridine] bis [2, 6-di(t-bu) 
phenoxide] measured 450nm. 

Bisphosphonate compounds are another class of compounds 
which may be used in accordance with the present invention for 
the EL layers. The bisphosphonates are represented by the 
general formula: 

*\ (0 3 P-organic-POj) y 

M 2 is a aetal ion. It is a tetravalent metal ion (e.g. 
Zr*\ Ti*< and Hf*« when x and y both equal 1. When x is 3 and y 
is 2, the metal ion M J is in the divalent state and includes, for 
example, Zn* 2 , Cu*' and Cd*'. The ter» -organic" as used in the 
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above formula means any aromatic or heterocyclic fluorescent 
compound that can be bifunctionalized with phosphonate groups. 

The preferred bisphosphonate compounds include 
phenylene vinylene bisphonsphonates as for example those shown 
in Pigs. 9A and 9B. Specifically, Fig. 9A shows 0-styrenyl 
stilbene bisphosphonates and Fig. 9B shows 4, 4'-biphenyl 
di(vinylphosphonates) where R is as described previously and R 4 
is selected from substituted and unsubstituted alkyl groups, 
preferably having 1-8 carbon atoms, and aryl. The preferred 
alkyl groups are methyl and ethyl. The preferred aryl group is 
phenyl. The preferred substitutuents for the alkyl and aryl 
groups include at least one substituent selected from aryl, 
halogen, cyano, alkoxy, preferably having from 1 to 8 carbon 
atoms. 

The divalent metal maleonitriledithiolate ( w mnt") 
complexes have the structural formula shown in Fig. 10. The 
divalent metal ion M 3 includes all metal ions having a +2 charge, 
preferably transition metal ions such as Pt+ 2 , Zn+ 2 and Pd +2 . 
Y* is selected from cyano and substituted or unsubstituted 
phenyl. The preferred substituents for phenyl are selected from 
alkyl, cyano, chloro and 1, 2, 2-tricyanovinyl. 

L s represents a group having no charge. Preferred 
groups for L 5 include P(0R) 3 and P(R) 3 where R is as described 
above or L 5 may be a chelating ligand such as, for example, 2, 
2'-dipyridyl; phenanthroline; 1, 5-cyclooctadiene; or 
bis (diphenylphosphino) methane. 

Illustrative examples of the emission wavelengths of 
various combinations of these compounds are shown in Table 1, as 
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derived fro. c.E. Johnson .t al. , "LuB.ine.cnt Iridium (I), 
Khodium(I), and Platinum(Il) Dithiolate Complexes", j OUffl ,i ^ 
th& AaericajQ cjismicoi sasiste, vol. 105, pg. 1795 (1983). 

[Platinum(l, 5-cyclooctadiene) (mnt) ] 560nffl 
[Platinum (P(OEt) } ), (mnt) j 
[Platinum (P(0Ph) 3 ) , (mnt) ] 

£Platinum(bis(diphenylphosphino)methane) (mnt) ) 
[Platinum (PPh 3 ) 2 (mnt)] 



*nSo?if, ng ^ h resulti «* from measurement of 
photolummescence in the solid state! 



566nm 
605nm 
€iOnm 
652nm 



Molecular char,, transfer co.pl.xes esploy.d in the 
present invention for the EL layers are those including .„ 
eiectron acceptor structure ccplexed with an electron donor 
structure. Fi , s . 11A . 11E 8how . variety ^ 

acceptors which .ay rem a ch.ro. transfer co.plex with on. ot 
the electron donor structures shown in Figs. ilP-^j. Th . ^ 
* as shown in Fi g 6 . 11A and llH ls ^ IaBe „ deBcrib . d ^ 
Wins of these charg. transfer Mteri.l. are prepared 
by either evaporating donor and acceptor .olecules fro. sep. rate 
cells onto the substrate, or by evaporating the pre-.ad. charge 
transfer cooplex directly. The ..ission wavelengths .ay range 
fro. red to blue, depending upon which acceptor is coupled with 
which donor. 

Polysers of arcatic and heterocyclic ccpounds which 
are f luoresc.nt in the solid state .ay be employed in the present 
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invention for the EL Layers. Such polymers may be used to 
generate a variety of different colored emissions. Table II 
provides examples of suitable polymers and the color of their 
associated emissions. 



22LYHEB mTSSIffl WMR 

poly(para-phenylenevinylene) blue to green 

poly (dialkoxyphenylenevinylene) red/orange 
poly(thiophene) 
poly(phenylene) 

poly(phenylacetylene) y ellow to red 



red 
blue 



poly (N-vinylcarbazole) 



blue 



The rare earth nixed chelates for use in the present 
invention include any lanthanide elements (e.g. La, Pr, Nd, Sm, 
Eu, and Tb) bonded to a .bidentate aromatic or heterocyclic 
ligand. The bidentate ligand serves to transport carriers (e.g. 
electrons) but does not absorb the emission energy. Thus, the 
bidentate ligands serve to transfer energy to the metal. 
Examples of the ligand in the rare earth mixed chelates include 
salicyladehydes and derivatives thereof, salicyclic acid, 
quinolates, Schiff base ligands, acetylacetonates, 
phenanthroline, bipyridine, quinoline and pyridine. 

The hole transporting layers 2 OH, 21H and 22H may be 
comprised of a porphorinic compound. In addition, the hole 
transporting layers 2 OH, 21H and 22H may have at least one hole 
transporting aromatic tertiary amine which is a compound 
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-Uinta, et least on . trivunt nitro,.„ .to. u ^ 

y t0 ^ "°"< " on. or w hich i. . aeBber of 

«ctic tin,. t „ « Mpl ., arOMtlc ^ ^ ^ 

" 4rYlMlne ' — .dtartai., tri.ryia.m. 
or . polyeeric aryWn.. 0th . r , altable aroKatlc tertiar ; 

"' " W «" " 411 P«n»»yrini= eo»po«nds, « e dl . olo .. a ^ 
u.s. , atMt Ho . 5 ,„ 4je70( ^ tMehingi ^ 

.» incorporated ln ^ >ntlr>ty by tttmrme ^ provia>d 

° UCh t6aehin9, ' — - t.achln, 



> herein. 



The Action o, a stacked organic led tricolor pixel 

° pr ° c "«- Proc .„ er . , tch 

process. Both processes to be describe . 

to oe described assume, for illustrative 
P-Po-e., . doubl . h . terostructure ^ construe 

--in, o„l y one or,*., compound layar ,„ _ ^ 
-».io„ layer, with li,„t e B er,i„, fron the ^ 

* T " ur " ce - " * hould ta - — — - — t 

•taction or,anic having Bultipl . ^ ^ 

(.iU li,ht eoer,i„, tIoa th. top .u rfac . of _ 
U fabricated by one ln ^ art VJ 

-dilations to th. prooeeeee deecribeT. ^ . 

The shadow ..swn, proo.ss st.ps eccordin, to th. 
Present i nv . ntlon are ^ - - 

t>y iMersmg the substrate 50 for about . 

„ . »©out five minutes i n boilln« 

—loro.thylen. or a si»n.r chlorinated hydrocarbon. Z Z 
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followed by rinsing in acetone for about five minutes and then 
in -ethyl alcohol for approximately five minutes. The substrate 
50 is then blown dry with ultrahigh purity (OTP) nitrogen. All 
of the cleaning solvents used are preferably -electronic grade". 
After the cleaning procedure, the ITO layer 52 is formed on 
substrate 50 in a vacuum using conventional sputtering or 

electron beam methods. 

A blue emitting LED 55 (see Figure 12B) is then 
fabricated on the ITO layer 52 as follows. A shadow mask 73 is 
placed on predetermined outer portions of the ITO layer 52. The 
shadow mask 73 and other masks used during the shadow masking 
process should be introduced and removed between process steps 
without exposing the device to moisture, oxygen and other 
contaminants which would reduce the operational lifetime of the 
device. This may be accomplished by changing masks in an 
environment flooded with nitrogen or an inert gas, or by placing 
the masks remotely onto the device surface in the vacuum 
environment by remote handling techniques. Through the opening 
of mask 73, a 50-100A thick hole transporting layer (HTL) 54 and 
50-200A thick blue emission layer (EL) 56 (shown in Fig. 12B) are 
sequentially deposited without exposure to air, i.e., in a 
vacuum. An electron transporting layer (ETL) 58 having a 
thickness preferably of 50-1000A is then deposited on EL 56. ETL 
58 is then topped with a semi transparent metal layer 60M which 
may preferably consist of a 10% Ag in 90% Mg layer, or other low 
work function metal or metal alloy layer, for example. Layer 60M 
is very thin, preferably less than 100A.. Layers 54, 56, 58 and 
60M may be deposited by any one of a number of conventional 
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-lr.ctlon.1 deposition t . chnlque . . ueh „ yaper phMe MpMition 

l0B ^ d . pOBltlon( . Uctren ^ daposltlon sp ; 

laser ablation. 

An ITO contact layer 601 of about looo-eoooA thicJc ia 
tban f or«d en Mtil lay . r mm by Mano ^ conv<ntioMi 

aputterin, o r .lactron baa. ..tbod.. , or conv.nl.ne. b.r.i„, tne 

"2 liy "" " M - MI * — - an, rtC vn a. . 

.in, a l.y.r eo . vhlch 1. .ub.tanti.lly tb. .an. .. layer 

layer ^ ^ fU " Ctl0 '' — - f eacb 

layer eo oir«ti y contact, tb. „ liyer ^ lt< ^ 

™ layer 60I contaet . ^ ^ ^ 

* «int.i nina vaeuua throu , hout wthout dlsturb 

vacuus, between .tap.. 9 

rabrict/ 1 " Sh °" S " 9ree " e " lttin ' " D 65 ««* I- 

7 °" tOP ° f ^ « .ub.tantl.uy tb. 

ehadov naaklng and deposition » w . 

, u , ■ aapo.ltion t.ehniques as thoae used to 

fabricate blue «lttl„, LED 55 led « 

" D 65 co »Prisee HTL 62. ora.n 
» U,„ 6, .„d ETL 66. A second tbln (<looA ^ ~ 

-u 9 b to be ssal-transparent but not so tbln to lose elec rll 
con .nuity, .etal l.y. r S0M ^ 

Allowed by anotber 1000-,OOOA tbiCc XTO layer 60X 

••cond aandvich layer 60. * 

Shown in , ig . 12D ls . Md m 
UP. layer 60 ( upon 601 to be .p.elfi c , U8lng ~ 

consists of a htl 70 * _ 

?0 ' a EL 72 and ETL 74. A toD 

sandwich laver fin i. op 
yer 60 of layers 601 and 60M are th»n * 

are then formed on LED 
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75. As described above for the embodiment of Fig. 2, similarly, 
the top transparent ITO layer 601 can in an alternative 
embodiment be replaced by an appropriate metal electrode serving 
also to function as a mirror for reflecting upwardly directed 
light back through the substrate 50, thereby decreasing light 
losses out of the top of the device. Each ETL layer 74, 66 and 
58 has a thickness of 50-200A; each HTL layer 54, 62 and 70 is 
X00-500A thick; and each EL layer 56, 64 and 72 is 50-1000A 
thick. For optimum brightness and efficiency, each of the layers 
including the ITO/metal layers should be kept as close as 
possible towards the lower end of the above ranges. 

The formation of electrical contacts 51 and 59 on ITO 
layer 52, and electrical contacts 88, 89, 92, 94 and 96 on the 
ITO portion 601 of ITO/metal layers 60 is then preferably 
accomplished in one step. These electrical contacts may be 
indium, platinum, gold, silver or combinations such as Ti/Pt/Au, 
Cr/Au or Mg/Ag. They may be deposited by vapor deposition or 
other suitable metal deposition techniques after masking off the 

rest of the device. 

The final step in the shadow masking process is to 
overcoat the entire device with an insulating layer 97 as shown 
in Fig. 12E, with the exception of all the metal contacts 51, 59, 
88, 89, 92, 94 and 96 which are masked. Insulating layer 97 is 
impervious to moisture, oxygen and other contaminants thereby 
preventing contamination of the LED ' s . Insulating layer 97 may 
be si0 2 , a silicon nitride such as Si^, or other insulator 
deposited by electron-beam, sputtering, or politically enhanced 
or plasma enhanced CVD. The deposition technique used should not 
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imta.th. d.vice t«ap«atur. abov. 120'c inasmuch as th... „i, h 
ta.per.tur.. M y d.gr.d. th. LED ch»r.ct.ristics. 

Th. dry .tching procss tor fabricating th. LED .taclc 
•ccording to the invention i. ilXustr.ted in Fig.. a3(A - F) . 
> *.f.rrin, to Fig. i 3A , . gI> „ uahetrtlta 10J u first c1mm(1 ^ 

the .... wnn. r .. in the shadow-...* proc... d..crib.d .bov. 
An ITO l.y„ l 01 i. then depoeited on th. ,1... .ub.tr.t. 102 i„ 
. v.ouun u.in, convntion.1 .puttering or .i.etron b.» ..thode 
An BTL 104, blue EL 105. ETL 106 .„d ..ndwich l.yer oo.pri.ing 
net.! layer 107M and ITO layer 1071, .u D f generally the .... 
thicknesses as in the ...dew-naskin, process, are then deposited 
ever the full surfaoe of th. 1 T0 iay. r m . using 
conventional vacuus d.p..ition, or in th. case of polynar. .p in 
or spray coating tachnigu... iTO/netal sandwich layer 107 
consist, o, a ,.s. than 100* thick, low wor* function „.t.i i. yer 
i07» deposited directly on th. ETL layer 106, and . 1000-4000A 

surface of ITO l, yer i 0 ,i. a loooA- 2 ooo A thic* layer of silicon 
nitride or silicon dioxide ..s Mn , n.t.ri.1 108 is deposited 
using low tenper.tur. pl.„. ^ A positive photoresist layer 
iO, such a. HPR 1400 , is then spun-on th. siUcon nitride l.yer 
10.. As shown in Fig. i 3B th. outer portions no (see Fig. i 3A , 
of the photoresist l.yer 10, are exposed and reeved using 
standard photolithographic processes. The exposed outer portions 
no correspond to the areas vh.r. th. botton ITO l.y. r a0 i lB t0 
he exposed end el.ctric.lly contacted. Referring to Fi, i 3c 
the outer region, m (tmUaad ln pig . ^ ^ ^ 

nitrid. layer 108 corr.sponding to the removed photoresist .r... 
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are removed using a CF 4 :0, plasma. Then, using an ion milling 
technique or another plasma etch, the exposed outer portions of 
ITO/metal layers 1071 and 107M are removed. An O, plasma is then 
ployed to sequentially remove the corresponding exposed outer 
portion of the ETL layer 106, EL layer 105, and HTL layer 104, 
respectively, and also to remove the remaining photoresist layer 
109 shown in Fig. 13D. Finally, a CF 4 :0 2 plasma is again applied 
to remove the silicon nitride mask 108, with the resulting blue 
LED configuration shown in Fig. 13D. 

The same sequence of dry etching process steps is used 
to fabricate a green LED 115 atop the blue LED, except that SiNx 
150 is overlaid as shown, followed by a photoresist mask 113 as 
shown in Fig. 13E to mask the outer portion of ITO layer 101. 
Then the deposition of HTL layer 114, green EL layer 116, and so 
on is performed (see Fig. 13F) . The same photolithography and 
etching techniques used for blue LED fabrication are then 
employed to complete the formation of the green LED 115. The red 
LED 117 is then formed atop the green LED using substantially the 
same dry etching process. A passivation layer 119 similar to 
layer 97 of Fig. 12E is then deposited over the LED stack with 
suitable patterning to expose electrical contacts, as was 
described for the shadow masking process. A photoresist mask is 
used to allow dry etching of holes in passiuation layer 119. 
Next, metal 152 is deposited in the holes. A final photoresist 
layer and excess metal is removed by a -lift-off process. 

Following the LED stack fabrication, whether performed 
by a shadow mask, dry-etching or other method, the stack must be 
properly packaged to achieve acceptable device performance and 
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Pliability. «,.. 14(A , C) lllustrat . mtoUamta of 
invention for faciliting p.Oc.gi„g. for provldlng . her]Mtle 
P«*.ge for op to four o, the .ulticolor LED davic. „, the 
invention, for exanpl.. «. gUmaom ^ ^ 

• «g«. 14 (A-B, indict, th. id.ntio.l r..p.ctiv. ,.,t„r.. in 
Fi,. 1*E. The pace.,. My al „ M uood with th. „.arly ldentleal 
stroctur. of yig. 13P . ^ Mg ^ ^ 

th. .ntir. d.vic. with an insulating lay . r 97 , . uch „ slHx ^ 
.xa.pl.. .cc.ss boles 1 20 , !„. aB d 124 „. toneauaing taovn 

atching/photo.as.cing technigu.. to expos, th. topmost ».t.l 
leyer. .CM-. «„„«.. and ^ biM> srW( Md ^ ^ 

(organic light anittin, diod., d.vics, respective*, in thi. 

Thereafter, .uitabl. ..t., clrouit paths ^ ^ 
130 (typxcally of gold »t.ri.l, , „. dapoIltad , ^ 

#lePO " d " tal «*'• «»«". «d respectively 

to .dg. Xocated indiu, „ lder ^ 132< ^ ' 

respective ly . using conventional processing steps. Si»i larly ' 
an anode electrode ter.in.tion is provided via th. aetal <Au , t „ 

;:rr a) ° irCUit " 5 ' ^ t0 — - *~ « contacting 
T ° ~ " - — l„g .t an edg. loo .t J 

^ 7 SOld6r bU " P "«< •» »>-id.d via conv.ntion.1 procassing. 

device is then overcoatad with additional insulting -ateria! 
.»oh a. SiNx to for. an i„. ulated CO verin, with solder ^ ^ 

133, 134, and 136 being exposed alon» 

9 xposed along one edge, m this Banner 
th. or,. ni , w devlce c „ ^ ^ ^ 

technxgues, or the pacXegin, eminent of the invention a. 
described immediately below. 
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A method for making four multicolor LED devices on a 
common substrate 50 in a packaged configuration will now be 
described, with reference to Figs. 14A, 14B, and 14C, 
respectively, for another embodiment of the invention. The 
5 starting material includes a glass substrate 50 coated with an 
overlayer of indium tin oxide (ITO) 152. The following steps are 
used to obtain the packaged multicolor organic LED array: 

1. Mask ITO layer 52 to deposit an Si0 2 layer 138 in 
a concentric square band ring pattern, in this example (some 

10 other pattern can be employed) , on top of ITO layer 52 using 
conventional techniques. 

2. Form four three-color LED stacks sharing common 
layers in region 140 on the Si0 2 layer 138 using methods as 
taught above for obtaining, for example, either of the structures 

15 of Figs. 12E or 13F, and 14A. 

3. Deposit via shadow masking metal contacts 170 
through 181; each terminating at exterior ends on SiO, layer 138, 
for providing external electrical connecting or bonding pads 170 
through 181', respectively. Note that contacts 126, 128, and 130 

20 in Fig. 14A are the same as every successive three of contacts 
170-181, respectively. Each group of three contacts, namely 170 
through 172, 173 through 175, 176 through 178, and 179 through 
181, terminate at their interior or other ends to provide an 
electrical connection with the metal layers 60M' , 60M" , 60M' " , 

25 respectively, of each of the four organic LED devices, 
respectively. Another metal contact 182 is deposited via shadow 
masking on an edge of ITO layer 52 common to all four of the LED 
devices, for providing a common anode connection, in this 
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•xample. Note that if through appropriate masking and etchin 
the four LED devices are made in completely independent layers. 
t four anode contacts, respectively, will have to provided for th« 
latter array that can be operated in a multiplexed manner. Th« 
multicolor LED array b. ing de8cribed in ^ ^ ^ ^ 

multiplexed array. 

4. Deposit via shadow masking, for example, a second 
SiO, layer 184 in a continuous band or ring leaving exposed 
bonding pads 170' through 181', using either sputtering, or 
Plasma enhanced CVD, or electron beam deposition, for example. 

5. Deposit Pb-sn or other low temperature melting 
•older in a continuous band or ring 186 on top of the second SiO, 
layer or band 184. 

6. Deposit on the bottom of a cover glass 188 a metal 
ring 190 to be coincident with the solder seal ring 186. 

7. Install cover glass 188 over the assembly as 
shown in Fig. 14B , vith Betal r . ng 19Q abutung 

solder ring 186. 

8. Place the .esembiy ln an inert g „ s atl „ osphere _ 
euch as dry nitrogen, and apply heat to Mlt ^ ^ ^ 

obtain .„ air tight ...i. with the inert g.s trapped in interior 
region 192. 

Referring to Fig. is, there is shown a display 194 
which is an RGB organic LED display. The dots 195 are ellipsis. 
A complete display as 194 comprises a plurality of pixels such 
as 196. The pixels are arranged as a XY matrix to cover the 
entire surface area of a glass sheet coated with ITO. Each pixel 
includes a stacked LED structure as that shown in Fig. 2 . 
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Instead of having fixed bias means as batteries 30, 31 and 32 
(Fig. 2) each of the lines of terminals designated in Fig. 2 as 
blue (B), green (G) and red (R) are brought out and coupled to 
suitable horizontal and vertical scan processors 197 and 198, 
respectively, all under control of a display generator 199 which 
may be a TV unit. Accordingly, each matrix of LED's has at least 
two axes (x,y) , and each LED is at the intersection of at least 
two of the axes. Also, the x-axis may represent a horizontal 
axis, and the y-axis a vertical axis. It is well known now to 
convert television signals such as the NTSC signals into the 
color components R, G and B for color displays. Monitors for 
computers which utilize red, green and blue for primary colors 
are also well known. The drive and control of such devices by 
vertical and horizontal scanning techniques are also known. The 
15 entire array of pixel structures deposited over the surface of 
the display is scanned employing typical XY scanning techniques 
as using XY addressing. These techniques are used in active 

matrix displays. 

One can use pulse width modulation to selectively 

20 energize the red, green and blue inputs of each of the DH LED 
pixels according to desired signal content. In this manner, each 
of the LED's in each line of the display are selectively accessed 
and addressed and are biased by many means such as by pulse width 
modulation signals or by staircase generated voltages to enable 

25 these devices to emit single colors or multiple colors, so that 
light emitted from said structures creates an image having a 
predetermined shape and color. Also, one can serially scan each 
of the xy axes, and serially energize selected ones of the LED's 
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in the matrix to it light for producing „ wtth color . 

er..t.d ..ri.ily vertically, selected on., of th. led-. u , ^ 
simultaneously «n«r,ii»d. 

A. indle*t.d .bow, th. v.rtlc.1 l.y«i ng t.chniqu. 
> .»own in pig. 2 allo „ u,. rabrlcation of ^ ^ coior dh ^ 

pixel within «tr«I, s„u «.„. This allOM on . to 
high dsfinition displ.y. . uch dlaplay|I ^ ^ ^ ^ ^ 
lino. per inch r.,oiution or greater. Such high r..o!ution would 
not be obt.in.bl. u.in, prior .rt technigues in which th. organic 
emission l.yer. or fluorescent mediums g.„. r .ting ,th. different 
color, .re lat.r.lly spaced from on. anoth.r. 

B...d on modern .t.nd.rds on. can provid. . led davlc , 
« shown in Plg . 2 wlth an , ffective , rea Mough ^ 

hundreds of pi «l diode, to he .t.cxed verticelly .„„ 
horizontally within the are, or a ^ lnch . Therefore _ ^ 
fabrication technigue. .nable. on. to .chiev. extr.rn.ly high 
resolution with high light int.nsity. 

I- "g. 16, enother embodiment of th. invention is 
•hown for a multicolor LEO d.vic. including th. stacxing of up 
to H individual LED'., vh . r . „ u m integer number ^ f ^ 
Depending upon the .t.te of the technology at any futur . 
H will have a practical Unit. The . tacked „ lev<sla of ^ 
can, for .xample, be provided using either the shadow ...xin, 
process step. pr.viou.ly described for Pigs. 12 (K . B) , er ^ 
etching process illustrated in Pigs. i 3A through UP. Th. ,»„ 
or bottom portion of the stscxed .rray of Pi,. le is . ^ 
.ubstrate lo 2 as shown in Pi,. 13F , for ^ ^ ^ 

layer 10! formed over substrate 102. The immediately overlyin, 
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first LED device, and following LED devices in this example, each 
include in succession over ITO layer 101 an HTL layer 154, an EL 
layer 156, an ETL layer 158, a metal layer 160, and an ITO layer 
162. The N* level LED device 164 further includes a topmost 
metal layer (see layer 152 of Fig. 13F) formed over the uppermost 
ITO layer 162 thereof. A passivation layer 119 is deposited over 
the stack, as in the color stack of Pig. 13F. The material for 
each EL layer 156 of each LED device is selected for providing 
a particular color for the associated LED. As in the three color 
device, shorter wavelength (blue) devices must lie lower in the 
stack than the longer wavelength (red) devices to avoid optical 
absorption by the red emitting layers. The color selected for 
each respective LED and the actual number of stacked LED' 8 are 
dependent upon the particular application, and the desired colors 
and shading capability to be provided. Such multi-color devices 
can also be used in optical communications networks, where each 
different optical channel is transmitted using a different 
wavelength emitted from a given device in the stack. The 
inherently concentric nature of the emitted light allows for 
coupling of several wavelengths into a single optical 
transmission fiber. In practical such stacked arrays, access 
holes are formed down to the ITO layer 162 of each device 
followed by the deposition of appropriate metallization for 
facilitating packaging and electrical connection to each of the 
LED devices in the stack, in a manner similar to that described 
for the stacked multicolor LED device of Pigs. 14A, 14B, and 14C, 
for example. 



34 



WO 96/19792 

PCT/US95/15790 

™. device «„ „. Mad to . o _ 

«i« tl Th °" wlth rtm ln My recces, veriou. 

aodirieations to the enbodieente ... , 

Illustrated h < of the invention described and 

illustrated herein, such »=di f ications are neant to he covered 

it " ~ — • - e^pie a 

aultacolor stacked LED device cu.h , *v 

-lor device o, Pig 2 ± " ^ ab — d ~~^ three 

Fxg. 2 , in another invention 
can be provided by forming led 20 froai . ■ , in ™tion 

in Pig ic or , deViCe M 8ho ™ 

ig- 1C or fro* a deposited metal phosphonate £lla rather 

— having all tbree layers laid down in vacuo 

regaining stacked LED's would be form d h 

°uid be formed by vapor deposition. 
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ffhnt < a einlmed iSL 

!. A multicolor light emitting device (LED) 

structure, comprising: 

. plurality of st Last a first and a aeeond light 
..ittin, organic d.vic. (LED. ataclcad one upon th. other, to for. 
. layered structure, with each LED e.parated one fro. th. other 
w a tr.napar.nt conductive layer to enable each device to 
receive . eeper.te ' bias potential to operate to emit light 
through the stack. 

2. The multicolor light emitting device structure of 
clai* 1. wherein each of said LED's emits a different wavelength 
of light and therefore a different color when biased. 

3. The multicolor light emitting device structure of 
clai* 1, including at least first through third light emitting 
devices stacked upon one another, respectively. 

4. The multicolor light emitting diode structure of 
claim 3, wherein said first device emits the color blue (B) , said 
second device emits the color green (G, and third device emits 
the color red (R) • 

5. The .ulticolor light emitting device atructur. of 
claim 4, wherein .aid devices are stacXed in th. following 
sequence .long th. v.rtical aris starting- fro. a bottom point and 
directed upward, wherein th. first device emits a blue color, and 
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ha. th. ..cord d.vie. for amitting . gr..„ color loeat . d on top 
of th. upp« .urf.c. of ..id blu. fitting d.vic., with th. third 
d.vic. for fitting . t .d color loc.t.d on top of th. upp . r 
•urf.c. of Mld gr..„ .mittin, d.vi=.. wh.r.by ..id blu. fitting 
d.vic. of th. .hort..t w.v.l„gth i. at th. bottom with th. r.d 
amitting d.vio. of th. longast w.v.l,„gth on top wh.n th. 
•truetur. is .lig„.d vertically. 

«• Th. multicolor light emitting d.vic. .truetur. of 
d.i. 1. wh.r.in „ch LED d.vic. i. . tr.nspar.nt doubl. 
h.t.ro.tructure (DH) d.vic. f.bri=.t.d from organic materials. 

7. Th. multicolor light fitting d.vic. .truetur. of 
olaim 1, wherein ..eh d . vlc . im . tran.par.nt .ing,. 

h.t.rostructur. d.vic. fabrieatad from organic mat.ri.1.. 

»• Th. .ulticolor light emitting d.vic. .truetur. of 
olaim c, wh.r.i„ ..id tr.nspar.nt conductive layer lnoludes 
indium tin oxide (ITO) . 

9. Th. -ulticolor light fitting d.vic. .truetur. of 
clai. 7. wh.r.in ..id transparent conductive layer lntiludes 
indium tin oxide (ITO). 

10. Th. multicolor light fitting d.vic. .truetur. of 
=l.im 3. vh.r.in .. ld at ,... t ,i„ t , 8econd< „ d ^ 

LH-'s .r. stacK.d in .uec.siv. ord.r ov.r a common substrata 
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11. The multicolor light emitting device structure of 
claim 10, wherein said substrate is at the bottom of said LED 
structure, and a topmost layer of said third organic LED included 
consists of indium tin oxide (ITO) material serving as a contact 
for an underlying metal material layer. 

12. The multicolor light emitting device structure of 
claim 6, wherein said transparent conductive layer comprises a 
metallic layer having a work function less than about four 
electron volts, and an ITO layer on said metallic layer. 

13 . The multicolor light emitting device structure of 
claim 6, wherein said organic material is selected from the group 
consisting of trivalent metal quinolate complexes, trivalent 
metal bridged quinolate complexes, Schiff base divalent metal 
complexes, tin (ivj metal complexes, metal acetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates , 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 

14. The multicolor light emitting device structure of 
claim 13 wherein the trivalent metal quinolate complexes have the 
following formula. . r 
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«»r.in > i, ..z.ctrt tro. th. group consisting Bf hydrogen 
substitute « u^uhstituted UJcyl, aryl and a ^ocycUc 
5r ° UP ' L raPr " en " « fro n th. group consisting 

of PicolylaethyUcetone; substituted end unsubstituted 
•alicylaldebyde; , ^ of ^ fOTuia R(Q)co _ uh>r ^ b ^ ^ 

d * f "* d ibOVe; " ilo '«" • "roup of th. formula ho- wherein > is 
" deflM,i quinoietes end derivetives thereof. 

«• The multicolor light emitting device structure of 
cieo, 13 .herein the metal b i dantste ligMd ^ 
following formula: 

MDL 4 , 

"herein „ is seiected free triveient metals of .roups ,. - u et 
2 -'iodic -1. and the .nthanides, D is a hidentate ligand 

- seiected free the group conslsting of 
compounds of the formula op-, wherein * is si or c and , i, 

seiected from the group consisting of hydrogen, substituted and 

-uhstitut.d a.yi, aryi, a heterocyclic group; 

Phenol; 2, 6-di(t-hu, ph.no! ; 2. S -di(t-bu> cresol and . 

of the f orinula ' reSDl Md 3 ==»P<>und 
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16. The multicolor light emitting device structure of 
claim 15 wherein D is selected from the group consisting of 2- 
picolyUcetones , 2-guinaldy Iketones and 2- (o-phenoxy ) 
pyr idineketones . 

17. The multicolor light emitting device structure 
of claim 13 wherein the Schif f base divalent metal complexes are 
selected from those having the formula 




wherein M» is a divalent metal chosen from Groups 2 - 12 of the 
Periodic Table, R 1 is selected from the group consisting of 

X 




25 wherein X is selected from the group consisting of hydrogen, 
alkyl, alkoxy each having 1 to 8 carbon atoms, aryl, a 
heterocyclic group, phosphino, halogen and amine. 
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M. the multicolor light emitting deviea ttructura 

12 , tt * ^ eonsistin9 of >°» 

^yleme, poly (aial^h.nylen. vinylani) ( pQiy 

P ° ly ( ~"»>- Poly (po.„ y i.=. ty l.„. ) w poly _ 
vinylcarbazole) . * ' 

to a bxdentat. aromatic or heterocyclic group. 

W th! " e a " MtiC " h " e — — 

* a-rivativ. 1^ ^ T 1 "" 9 " - 
ligands MllC1,CUC SC "' schifx base 

U,a„ds acetylacetonates. pheoamthrolime. bipyridine. gu^, 
and pyridine. H«inoxa.ne 



20 



25 



- in i, Lerr ucoiorii,hte,nittin9devicest "^- 

Wherexn the divaleht metal oai.onitril.aithiolate 
complexes have the formula ""hrolate 



Phenyl and r* • Substituted 
y1 ' 3nd 15 a *«up having no charge. 
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„. Th. multicolor light emitting device s-ru=ture of 

.r fh. formula P(OR), or P(K)» 
claim 21 wherein L J is a group of the formux 

vherein R is selected fro. the group consisting of hydrogen, 
.uhstituted and unsuhstituted al*yl. aryl and a h.terocycUc 
group. 

23 . The multicolor light emitting device structure of 
claim 13 wherein the hisphosphonates have the formula m',(0,p- 
organic-PO,,, wherein «■ is a metal ion and organic represents an 
orom.tic or heterocyclic fluorescent compound oifunctionalired 
with phosphonate groups. 

2, . Th. multicolor light emitting device structure of 
claim 13 wherein the trivalent metal bridged guinolate complexes 
have the formula 




or 




wherein M is a trivalent metal ion and Z is selected from SiR or 
P=0 wherein R is selected from the group consisting of hydrogen, 
substituted or unsuhstituted allcyl, aryl, or a heterocyclic 
group. 
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25. The multicolor light emitting device structure of 
claim 13 wherein the tin (iv) metal complexes have the formula 
SnL'jL', wherein L' is selected from the group consisting of 
■alicylaldehydes, salicyclic acid, and quinolates and L J is 
selected from the group consisting of substituted and 
unsubstituted alJcyl, aryl and a heterocyclic group. 

26. The multicolor light emitting device structure of 
claim 13 wherein the molecular charge transfer complexes comprise 
an electron acceptor complexed with an electron donor. 



27. The multicolor light emitting device structure of 
claim 1, wherein said devices are stacked in an crder dependent 
upon and in accordance with their respective emission wavelength 
15 and absorption characteristics. 

28. The multicolor light emitting device of claim 2, 
wherein the longest wavelength LED is on top of the stack in the 
vertical direction followed by successively shorter wavelength 
20 LED's, with the shortest wavelength LED on the bottom of the 
stack. 



29. A multicolor light emitting device structure, 
comprising: 

25 a transparent substrate layer having deposited on 

a surface a first transparent conductive coating; 

a first light emitting device deposited on said 
first transparent conductive coating; 
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a second transparent conductive coating deposited 
on the surface of said first device not in contact with said 
first coating; 

a second light emitting device deposited on the 

surface of said second coating; 

a third transparent conductive coating deposited 
on the surface of said second device not in contact with said 
second coating; 

a third light emitting device deposited on the 
surface of said third coating; and 

a further conductive coating deposited on the 
surface of said third device not in contact with said third 
coating. 

30. The multicolor light emitting device structure of 
claim 29, wherein said first, second, third and fourth conductive 
coatings are adapted to receive individual sources of biasing 
potential, respectively. 

31. The multicolor light emitting device structure of 
claim 29, wherein said devices and conductive layers are 
deposited to form a staircase profile, with said transparent 
substrate being of a greater length than said first device, with 
said first device being of a greater length than said second 
device, with said second device of a greater length than said 
third device, wherein each step is covered by said respective 
conductive coating adapted for applying operating potentials to 
said device structures, and wherein said first through third 
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transparent conductive coatings allow light emitted by any of 
■aid devices, respectively, to pass through said transparent 
substrate layer. 

32. The multicolor light emitting device structure of 
claim 29, wherein said further conductive coating, includes a 
third metal that reflects upward directed light back to said 
substrate. 

33. The multicolor light emitting device structure of 
claim 32, wherein said further conductive coating further 
includes a relatively thin indium tin oxide (ITO) layer between 
said thick metal and said surface of said third device not in 
contact with said third coating, said ITO layer serving as a 
contact for an underlying metal material layer of said third 
light emitting diode device. 

34. The multicolor light emitting device structure of 
claim 29, wherein said transparent substrate is glass, said first 
conductive coating is indium tin oxide (ITO), and each of said 
second, third and further conductive coatings are comprised of 
an ITO layer disposed on a low work function metal layer. 

35. The multicolor light emitting device structure of 
25 claim 29, wherein each of said devices are double 
heterostructures (DH) , with said first device operative when 
biased to emit blue light (B) , said second device operative when 
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biased to emit green light (G) , said third device operative when 
biased to emit red light (R) . 

36. The multicolor light emitting device structure of 
claim 35, wherein each DH structure is comprised of organic 
compounds . 

37. The multicolor light emitting device structure of 
claim 29, wherein each of said devices are single 
heterostructures (SH) , with said first device operative when 
biased to emit blue light (B) , said second device operative when 
biased to emit green light (G) , and said third device operative 
when biased to emit red light (R) . 

38. The multicolor light emitting device structure of 
claim 29, wherein each of said devices are polymer structures, 
with said first device operative when biased to emit blue light 
(B) , said second device operative when biased to emit green light 
(G) , and said third device operative when biased to emit red 
light (R). 

39. A multicolor display, comprising: 

a plurality of multicolor light emitting device 
pixel structures arranged in rows and columns to provide a 
display surface with each pixel structure consisting of at least 
one multicolor light emitting device structure wherein each 
device structure comprises first, second and third light emitting 
devices (LED's) stacked one upon the other to form a layered 
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structure, wlth „ eh ^ „ pmtei fcy , 

l.y«. and whereby ., id dlspl . y Mn >. Ma . ed ^ 

Lyer. to cause „ ld .ultlcolor light .sitting d . vlcM te Mlt 
light when biased. 

5 

40. The multicolor d i. p i. y of clilB 39> „ heraln 

first led emits blue lloht tn\ „.<.. 

" Sht (B) ' Mld » ec< ""> ™ enlts green light 
* nd Mid W> emits red light <„, . 

«. The multicolor dl.pi. y of cl . llt 39< wh . reln 
^jevlc. 1. . doubl . h . t . rostructure (DH) deviM 
»itt ln , i,,ht as . £unctlon of .„ organlc a 
said device. y " 

42. The multicolor d ispl. y of cUU 

J' "° deVl '~ ta " —structure (SH) d . vlc . 

~- - .sitting light . funetien of „ 

employed in said device. 

of ..Id „ devices Is polyMr str<lctured ^ 

:^ir " * function ° f - — -~ — - 

44. The dl.pl. y > elaiB J9< vh . reln 

of multicolor device structure. „ arrancd < 

arr " 9 « d ln rows and columns 
on a ,l.ss substrate coatsd with . thin tr.nspar.nt layer of IT0 
- w lth each o f seld fir s t , ^ ^ ^ ^ J 
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pixel stacked on said substrate to form a separate pixel 
location. 

45. A method of fabricating a multicolor light 
•mitting device (LED) structure comprising the steps of: 

forming a first transparent conductive layer upon 

a transparent substrate; 

depositing a first hole transporting layer upon 

said first transparent conductive layer; 

depositing a first organic emission layer upon 
said first hole transporting layer to provide a first emission 
color; 

depositing a first electron transporting layer 

upon said first emission layer; 

depositing a second transparent conductive layer 
upon said first electron transporting layer, said second 
transparent conductive layer adapted to receive a first bias 
potential; 

depositing a second hole transporting layer upon 
said second transparent conductive layer; 

depositing a second organic emission layer upon 
said second hole transporting layer to provide a second emission 
color; 

depositing a second electron transporting layer 

upon said second emission layer; and 

depositing a third transparent conductive layer 
upon said second electron transporting layer, said third 
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transparent conductive layer adapted to receive a tecond bias 
potential. 

46. The method of claim 45, further including the step 
of shadow masking a region of said first transparent conductive 
layer prior to depositing said first hole transporting layer to 
expose said region of said first transparent conductive layer 
thereby enabling .aid first bias potential to be applied between 
said second transparent conductive layer and said region of said 
first transparent conductive layer. 

47. The method of claim 45 , further including the step 
of etching away a region of said first hole transporting layer 
to expose a portion of said first transparent conductive layer 
thereby enabling said first bias potential to be applied between 
said second transparent conductive layer and said exposed portion 
of said first transparent conductive layer. 

48. A method of fabricating a hermetically packaged 
multicolor light emitting device (LED), comprising the steps of: 

forming a first transparent conductive layer upon 
a transparent substrate; 

masking said first conductive layer for depositing 
an Si0 2 layer thereupon in a concentric pattern; 

forming on a portion of said first sip, layer at 
least one multicolor LED, each including at least a first and a 
second organic light emitting devices (LED's) stacked one upon 
the other to form a layered structure upon said first Si 0j layer; 
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depositing via shadow masking a plurality of metal 
contacts or circuit paths each having one end terminating near 
an outer edge of said first SiO, layer, and each having another 
end terminating on an individual biasing electrode of said at 

5 least one multicolor LED; 

depositing via shadow masking a second SiO, layer 
as a ring concentric with said first SiO, layer and over outer 
portions of said plurality of metal contacts but leaving exposed 

said one ends thereof; 
10 depositing a ring of low temperature melting 

solder over and concentric with said second Si0 2 ring; 

depositing on the bottom of a cover glass a metal 
ring positioned to be coincident with said ring of solder; 

installing said cover glass over said substrate 
15 and at least one multicolor LED, with said ring of solder 
abutting against said metal ring on said cover glass; 

placing said assembly in an inert gas atmosphere; and 
heating said ring of solder to melt the solder for both 
forming an air tight seal, and entrapping said inert gas in an 
20 interior region between the bottom of said cover glass and 
underlying substrate. 

49. The method of claim 48, wherein said multicolor 
LED forming step further includes forming a plurality of 
25 • multicolor LED devices on said first Si0 2 layer. 



50. The method of claim 48, wherein said inert gas 
includes dry nitrogen. 
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51. The method of claim 48, wherein said first 
transparent layer includes indium tin oxide (ITO) . 

52. The method of claim 51, further including the step 
of depositing a metal contact proximate an edge of and upon said 
ITO layer for serving as a cathode electrode. 

53. The method of claim 49, further including the step 
of depositing a metal contact proximate an edge and upon said 
first transparent conductive layer for serving as a cathode 
electrode. 

54. The method of claim 53, wherein said first 
transparent conductive layer includes indium tin oxide (ITO, . 

55. a multicolor, energi 2 able, i ight emitting 
structure, comprising: 

at least three layers of conductive material; 
a transparent, energi 2 able, light emitting device (LED) 
disposed between adjacent ones of said layers of conductive 
material, respectively, so that said LEOs are stacked on each 
other with one of said layers of conductive material disposed 
between each two of said LEDs and the other layers of conductive 
material are disposed on the outside of said LEDs; 

said layers of conductive material disposed between 
adjacent ones of said LEDs and one of said outside layers being 
substantially transparent; and 
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B eans on each of said layers of conductive material for 
being connected to a bias for selectively energizing each of said 



LEDs. 



structure of claim 55, wherein each of said 



5 56. The 

LEDs emits a different color. 

57. The structure of claim 56, wherein said LEDs are 
stacked in a vertical array. 

10 

58. The structure of claim 57, further including: 
a third LED in said stack; 

the middle one of said LEDs being operative to 
emit light of a predetermined wavelength; 

one of the other LEDs being operative to emit 

light of a longer wavelength; and 

the lowest LED being operative to emit light of 

a shorter wavelength. 

59. The structure of claim 57, further including: 
a transparent substrate; 

said stack of LEDs and layers of conductive 
material being supported by said transparent substrate in an 
order that corresponds to the length of the light wave that said 
25 LEDs emit; and 

said LED emitting the shortest wavelength is 
closest to said transparent substrate so that the light emitted 
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fro. each of said LEDs when it is energized is transmitted 
through the other LEDs and through said transparent substrate. 

60. The structure of claim 59, further including: 

a layer of anti-reflecting material disposed 
between said LED emitting the shortest wavelength and said 
transparent substrate so that the light emitted from each of said 
LED. when it is energized is not reflected from said transparent 
substrate. 

61. The structure of claim 59, further including: 

a layer of reflective material adjacent said LED 
fitting the longest wavelength for reflecting light emitted fro. 
said LED back through said substrate. 

62. The structure of claim 55, wherein said layer of 
conductive material includes indium-tin-oxide (ITO, and a metal. 

63. The structure of claim 62, wherein said metal has 
a work function of less than foUr electron volts. 

64. The structure of claim 55, further including: 
a transparent substrate; 

said stack of LEDs and layers of conduct!™ 
■ateri.l being supported by .aid transparent substrate in .„ 
order that corresponds to the length of the light vav. that said 
LEDs emit; and 
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said LED emitting the shortest wavelength is 
closest to said transparent substrate so that the light emitted 
fro* each of said LEOs when it is energized is transmitted 
through the other LED and through said transparent substrate with 
5 substantially reduced absorption. 

65. The structure of claim 64, further including: 

a layer of anti-ref lecting material disposed 
between said LED emitting the shortest wavelength and said 
10 transparent substrate so that the light emitted from each of said 
LEDs when it is energized is not reflected from said transparent 
substrate . 

66. The structure of claim 64, wherein said layer of 
15 conductive material includes indium-tin-oxide (ITO) and a metal. 

67. The structure of claim 66, wherein said metal has 
a work function of less than four electron volts. 
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68. The structure of claim 64, further including: 

a layer of reflective material adjacent said LED 
emitting the longest wavelength for reflecting light emitted from 
said LED back through said substrate. 

69. The structure of claim 55, wherein each of said 
LEDs is a double heterostructure . 
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70. The structure of claim 55, wherein ec.ch of said 
LEDs is a single heterostructure . 

71. An energizable, light emitting structure, compris- 
ing: 

a transparent substrate; 

a first layer of substantially transparent, 
electrically conductive material supported on said substrate; 

a transparent, energizable, light emitting device 
(LEO) supported on said first layer of substantially transparent, 
electrically conductive material, said led including an emission 
layer; 

a second layer of electrically conductive material 
supported by said LED; and 

said LED being operative to produce light and 
transmit it through said transparent substrate when energized. 

72. The structure of claim 71, wherein said first and 
second layers comprise indium-tin-oxide. 

73. The structure of claim 72, wherein said second 
layer further comprises a layer P f metal that has a wor* function 
that is less than four electron volts. 

74. The structure of claim 73, wherein said metal is 
fro, the group consisting of magnesium, arsenic and magne- 
sium/gold alloy. 
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75. The structure of claim 71, further including: 
said second layer of electrically conductive 

material being substantially transparent; 

a second transparent, energizable, light emitting 
device (LED) supported on said second layer of electrically 
conductive material, said second LED including an emission layer; 

a third layer of electrically conductive material 

supported by said second LED; and 

said second LED being operative to produce light 
and transmit it through said first LED and through said 
transparent substrate when energized. 

76. The energizable light emitting structure of claim 
71, wherein said emission layer includes at least one material 
is selected from the group consisting of trivalent metal 
guinolate complexes, trivalent metal bridged quinolate complexes, 
Schiff base divalent metal complexes, tin (iv) metal complexes, 
metal acetylacetonate complexes, metal bidentate ligand 
complexes, bisphosphonates, divalent metal maleonitriledithiolate 
complexes, molecular charge transfer complexes, aromatic and 
heterocyclic polymers and rare earth mixed chelates. 

77. A multicolor, energizable, light emitting display 
comprising: 

a plurality of energizable, light emitting 

structures ; 
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•ach of said structures comprising a plurality of 
transparent, light emitting devices (LED) that are stacked on 
each other; 

each of said LEDs in each of said structures being 
operative to emit a different color light vhen energized; and 

Beans for selectively energizing at least one of 
said LEDs in each of said structures so that the color produced 
by each of said light emitting structures is determined by which 
LED or LEDs in each light emitting structure is energized so that 
light emitted from said structures creates an image having a 
predetermined shape and color. 

78. The display of claim 77, wherein said energizable, 
light emitting structures are arranged in an array, said array 
including at least two axes, and each of said light emitting 
structures is at the intersection of at least two of said axes. 

79. The display of claim 78, wherein said axes define 
a horizontal axis and a vertical axis. 

80. The display of claim 78, wherein said means for 
selectively energizing at least one of said LEDs in each of said 
structures includes: 

means for selecting the structures and the LEDs 
in those structures to be energized; and 

means for serially scanning each of said axes so 
that said means for selectively energizing at least one of said 
LEDs scans along said axes so that said selected ones of said 
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LEDS at the intersection of said axes are serially energized to 
•mit light so that said image and said colors are created 
serially. 

81. The display of claim 77, wherein said means for 
selectively energizing at least one of said LEDs in each of said 
structures includes: 

means for substantially serially energizing said 
LEDs that are in said structures so that said image and said 
colors are created serially by said structures. 

82. The display of claim 77, wherein said for means 
for selectively energizing said LEDs is operative to 
simultaneously energize selected ones of said LEDs in selected 
ones of said structures so that said image and said colors are 
created simultaneously by said selected ones of said LEDs in said 
selected ones of said structures. 

83. The display of claim 77, wherein each of said 

structures further includes: 

a transparent substrate; 

said LEDs each having a bottom and a top and 
defining a stack of LEDs having a bottom and a top, said stack 
being supported on said transparent substrate; 

a first layer of substantially transparent, 
electrically conductive material, said first layer being disposed 
between said bottom LED and said transparent substrate; 
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at least one second layer of suLstantlally 
transparent, electrically conductive aaterial, said second layers 
being disposed between adjacent ones of said LEDs; 

a first layer of electrically conductive aaterial, 
said first layer being disposed adjacent the top of said top 
LED; and 

aeans on each of said layers of electrically 
conductive aaterial for being connected to a bias for selectively 
energizing each of said LEDs. 

,84. The display of claim 83, wherein each of said 
layers of substantially transparent, electrically conductive 
material and said layer of electrically conductive aaterial 
includes a layer of indiua-tin-oxide . 

85. The display of claim 83, wherein each of said 
layers of substantially transparent, electrically conductive 
aaterial, and said layer of electrically conductive aaterial, 
includes a layer of aetal and a layer of indiua-tin-oxide. 

86. The display of claia 85, wherein said aetal has 
a work function of less than about four electron volts. 

87. The display of claim 83, further including: 

a layer of reflective material disposed on the 
layer of electrically conductive material adjacent the top of 
said top LED so that light froa said LEDs is reflected through 
said transparent substrate by said layer of reflective aaterial. 
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88. The display of claim 87, further including: 
•aid staclc of LEDs is supported by said transpar- 
ent substrate in an order that corresponds to the wavelength of 
the light that said LEDs emit; and 

said LED emitting the shortest wavelength is 
closest to said transparent substrate so that the light emitted 
from each of said LEDs when it is energized is transmitted 
through the other LEDs and through said transparent substrate. 

89. The display of claim 88, further including a layer 
of anti-reflecting material disposed between said LED emitting 
the shortest wavelength and said transparent substrate so that 
the light emitted from each of said LEDs when it is energized is 
not reflected from said transparent substrate. 

90. The display of claim 77, further including: 
a transparent substrate; 

each of said LEDs having a top and a bottom; 

at least two layers of substantially transparent, 
electrically conductive material, one of said layers being 
disposed on said transparent substrate; 

the bottom of one of said LEDs in each of said 
structures being supported on said one layer of substantially 
transparent, electrically conductive material; 

the others of said layers of substantially 
transparent, electrically conductive material being disposed 
between the remainder of said LEDs so that said LEDs define a 
stack; 
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a layer of electrically conductive material 
supported on the top of said LED in said stack that is furthest 
from said transparent substrate; and 

means on each of said layers of substantially 
transparent, electrically conductive material and on said layer 
electrically conductive material for being connected to a bias 
for selectively energizing each of said LEDs. 

91. The display of claim 90, wherein each of said 
layers of substantially transparent, electrically conductive 
material, and said layer of electrically conductive material 
include a layer of indium-tin-oxide. 

92. The display of claim 90, wherein said layers of 
substantially transparent, electrically conductive material and 
•ach of said layers of electrically conductive material include 
a layer of metal and a layer of indium-tin-oxide. 

93. The display of claim 92, wherein said metal has 
a work function of less than about four electron volts. 

94. The display of claim 90, further including: 

a layer of reflective material disposed on said layer 
of substantially transparent, electrically conductive material 
adjacent the top of said top LED so that light is reflected 
through said transparent substrate by said layer of reflective 
material. 
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95. The structure of claim 94, wherein 

said stacX of LEDs is supported by said transpar- 
ent substrate in an order that corresponds to the wavelength of 
the light that said LEDs emit, and 

said LED emitting the shortest wavelength is 
closest to said transparent substrate so that the light emitted 
from each of said LEDs when it is energized is transmitted 
through the other LEDs and through said transparent substrate. 

96. The structure of claim 95, further including: 

a layer of anti-ref lecting material disposed 
between said LED emitting the shortest wavelength and said 
transparent substrate so that the light emitted from each of said 
LEDs when it is energized is not reflected from said transparent 
substrate . 

97. The display Of claim 77, wherein said plurality 

of LED's include: 

three LEDs; 

each of said LEDs being a double heterostructure 

(DH); 

said LED closest to said transparent substrate 
being operative when energized to emit blue light; 

said LED furthest from said transparent substrate 
being operative when energized to emit red light; and 

said other LED being operative when energized to 

emit green light. 
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98. The multicolor light emitting display cf claim 97, 
wherein each of said LEDs includes an emission layer containing 
an organic material selected from the group consisting of 
trivalent metal guinoiate complexes, trivalent metal bridged 
quinolate complexes, Schiff base divalent metal complexes, tin 
(iv) metal complexes, metal acetylacetonate complexes, metal 
bidentate ligand complexes, bisphosphonates , divalent metal 
maleonitriledithiolate complexes, molecular charge transfer 
complexes, aromatic and heterocyclic polymers and rare earth 
mixed chelates. 

99. The display of claim 77, wherein said plurality 
of LED's include: 

three LEDs; 

each of said LEDs being single heterostructures 

(SH); 

said LED closest to said transparent substrate 
being operative when energized to emit blue light; 

said LED furthest from said transparent substrate 
being operative when energized to emit red light; and 

said other LED being operative when energized to 
emit green light. 

100. The multicolor light emitting display of claim 99, 
wherein each of said LEDs includes an emission layer containing 
an organic material selected from the group consisting of 
trivalent metal guinoiate complexes, trivalent metal bridged 
quinolate complexes, Schiff base divalent metal complexes, tin 
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(iv) metal complexes, metal acetylacetonate complexes, metal 
bldentate ligand complexes, bisphosphonates, divalent metal 
maleonltriledlthiolate complexes, molecular charge transfer 
complexes, aromatic and heterocyclic polymers and rare earth 
mixed chelates. 

101. A method of fabricating a multicolor, energizable 
light emitting structure, comprising the steps of: 

providing a transparent substrate; 

providing a first substantially transparent 
electrically conductive layer on said transparent substrate; 

providing a first transparent, light emitting 
diode (LED) on said substrate, said first LEO being operable when 
energized to emit a light of a first predetermined wavelength; 

providing a second substantially transparent, 
electrically conductive layer on said first LED; 

providing a second transparent, light emitting 
diode (LED) on said second substantially transparent, 
electrically conductive layer, said second LED being operable 
when energized to emit a light of a second predetermined 
wavelength, that is longer than said first predetermined 
wavelength; and 

an electrically conductive layer on said second 

(LED) . 

102. A method as in claim 101, wherein 

said steps of providing said first and second LEDs 
comprises the steps of forming each of said LEDs by; 



64 



WO 96/19792 



PCT/US95/15790 



depositing a hole transporting layer on said first 
and second substantially transparent, electrically conductive 
layers ; 

depositing an emission layer on each of said hole 
transporting layers; and 

depositing an electron transporting layer on each 
of said emission layers. 

103. The method of claim 102, wherein each of said 
emission layers includes a material selected from the group 
consisting of trivalent metal quinolate complexes, trivalent 
metal bridged quinolate complexes, Schiff base divalent metal 
complexes, tin (iv) metal complexes, metal acetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates, 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 

104. A method as in claim 103, wherein each of said 
substantially transparent electrically conductive layers and said 
layer of electrically conductive layer are comprised of indium- 
tin-oxide. 

105. A method as in claim 102, further including: 
the step of providing a layer of substantially 

transparent metal between said LEDs; and 
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a layer of said substantially transparent 
electrically conductive material on each of said layers of 
substantially transparent metal. 

106. A method as in claim 105 # wherein said metal has 
a work function of less than about four electron volts. 

107. A method as in claim 105, wherein said metal is 
from the group consisting of magnesium, arsenic and magne- 
sium/gold alloy. 

108. A method as in claim 101, wherein said layer of 
electrically conductive material has a reflective surface for 
reflecting light emitted from said LEDs through said transparent 
substrate . 

109. A method as in claim 101, further including the 

step of: 

providing an electrical contact on each of said 
layers of substantially transparent, electrically conductive 
material, and on said layer of electrically conductive material 
so that each of said layers can be connected to a source of bias 
potential. 

110. A transparent energizable, light emitting device 
(LED) , comprising: 

an emission layer, a hole transporting layer and 
an electron transporting layer; 
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said omission layer being disposed between said 
hole transporting layer and said electron transporting layer; 

a first layer of substantially transparent 
•lectrically conductive material, and a second layer of 
electrically conductive material, said first layer being on said 
hole transporting layer, said second layer being on said electron 
transporting layer; and 

said emission layer consists of material selected 
from the group consisting of trivalent metal quinolate complexes, 
trivalent metal bridged quinolate complexes, Schiff base divalent 
metal complexes, tin (iv) metal complexes, metal acetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates , 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 



111. The device of claim 110, wherein 

said emission layer is no more than about 200A 



thick; 



said hole transporting layer is no more than about 
1000A thick; and 

said electron transporting layer is no more than 
about 1000A thick. 
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